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ANTENNA CIRCUIT CONSTITUENT BODY
FOR 1C CARD/TAG AND METHOD FOR
MANUFACTURING THE SAME

TECHNICAL FIELD

The present invention relates generally to an antenna cir-
cuit constituent body for an IC card/tag and a method for
manufacturing the antenna circuit constituent body for an IC
card/tag, and 1n particular, to an antenna circuit constituent
body for an IC card/tag, which 1s equipped with an antenna
circuit for RFID (Radio Frequency Identification) typified by
a contactless IC card, an anti-shoplifting sensor, and the like,
and a method for manufacturing the above-mentioned
antenna circuit constituent body for an IC card/tag.

BACKGROUND ART

In recent years, remarkable development of a functional
card such as an IC tag and an IC card has been achieved, and
the functional card has come 1nto use 1n an anti-theft tag, a tag
for checking those coming 1n and out, a telephone card, a
credit card, a prepaid card, a cash card, an 1D card, a card key,
a variety of membership cards, a bookstore gift card, a patient
registration card, a commuter pass, and the like. Fach of these
antenna circuit constituent bodies for the functional cards 1s
constituted of: a base material formed of a resin film such as
a polypropylene (PP) film and a polyethylene terephthalate
(PET) film; and an antenna circuit pattern layer formed of
metal fo1l of aluminum fo1l or copper fo1l, which 1s formed on
a surtace of the base matenial. The metal fo1l 1s bonded on one
side or both sides of the base material with an adhesive
interposed therebetween by employing a dry laminate
method or the like, and thereafter, the metal fo1l 1s subjected
to etching processing, thereby forming the antenna circuit
pattern layer on the surface of the base matenal.

The conventional antenna circuit constituent body having
the above-mentioned configuration and the conventional
method for manufacturing the antenna circuit constituent
body are disclosed 1n Japanese Patent Application Laid-Open
Publication No. 2002-7990 (Patent Literature 1) and Japanese
Patent Application Laid-Open Publication No. 2004-140587
(Patent Literature 2).

In the conventional antenna circuit constituent body for
RFID, 1n general, pattern layers of a circuit are formed on
both surfaces of a base material formed of aresin film. On one
of the surfaces ol the base material, a coiled pattern layer of an
antenna circuit 1s formed. This pattern layer of the antenna
circuit corresponds to a coil of an electronic circuit, also plays
a role of an antenna receiving electromagnetic waves, and 1s
referred to as the so-called coil pattern. On the other of the
surfaces of the base material on a side opposite to the side on
which the coiled circuit pattern layer 1s formed, a pattern layer
of a circuit playing a role of a jumper of the above-mentioned
antenna circuit 1s formed. This pattern layer of the circuit 1s
referred to as the so-called bridge circuit pattern layer.

In the above-described antenna circuit constituent body, as
amethod of electrically connecting the antenna circuit pattern
layer formed on the one of the surfaces of the base material
and the bridge circuit pattern layer formed on the other of the
surfaces of the base material, the below-described methods
are available.

(1) On a side of a base matenal, opposite to a side thereof
on which an antenna circuit pattern layer 1s formed, a bridge
circuit pattern layer 1s formed. At respective portions of both
end portions of the antenna circuit pattern layer and both end
portions of the bridge circuit pattern layer, which are to be
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jomed, through-holes are formed. The through-holes are
filled with a plating matenial or a silver coating matenal,
thereby connecting the both end portions of the antenna cir-
cuit pattern layer and the both end portions of the bridge
circuit pattern layer.

(2) As disclosed 1n Japanese Patent Application Laid-Open
Publication No. 2002-7990 (Patent Literature 1) and Japanese
Patent Application Laid-Open Publication No. 2004-140387
(Patent Literature 2), on a side of a base material, opposite to
a side thereol on which an antenna circuit pattern layer 1is
formed, a bridge circuit pattern layer 1s formed. By means of
a crimping process, respective portions of both end portions
of the antenna circuit pattern layer formed on the one side of
the base material and both end portions of the bridge circuit
pattern layer formed on the opposite other side of the base
material are connected. Here, the crimping process 1s con-
ducted, for example, such that by means of ultrasonic waves
or the like, at least portions of circuit pattern layers formed on
both surfaces of the base material, with an adhesive inter-
posed therebetween, are pressed against each other, thereby
partially destroying resins constituting the adhesive, the base
material, and the like and causing the portions of the circuit
pattern layers on the both sides to physically contact each
other.

(3) As disclosed 1n Japanese Patent Application Laid-Open
Publication No. 2008-269161 (Patent Literature 3), on a side
ol a base material, opposite to a side thereof on which an
antenna circuit pattern layer 1s formed, a bridge circuit pattern
layer 1s formed. By means of resistance welding, the antenna
circuit pattern layer formed on the one side of the base mate-
rial and the bridge circuit pattern layer formed on the opposite
other side of the base material are connected. In this case, 1n
a state where welding electrodes are caused to contact a front
side and a back side of a circuit pattern layer and a pressure 1s
exerted thereon, heating 1s conducted by applying a predeter-
mined current to the welding electrodes, thereby fusing one
portion of the base material interposed between the front side
of the circuit pattern layer and the back side of the circuit
pattern layer and also causing portions of the front side of the
circuit pattern layer and the back side of the circuit pattern
layer, which face each other, to contact each other. To the
portions of the circuit pattern layers on the front side and the
back side, which have been caused to contact each other, a
predetermined welding current 1s applied, thereby joining the
portions of the circuit pattern layers on the front side and the
back side which face each other.

In the antenna circuit constituent body, as a method of
clectrically connecting both end portions of the antenna cir-
cuit pattern layer formed on the one of the surfaces of the base
material without forming the bridge circuit pattern layer on
the other of the surfaces of the base material, the below-
described methods are available.

(4) As disclosed 1n Japanese Patent Application Laid-Open
Publication No. 2001-92936 (Patent Literature 4) and Japa-
nese Patent Application Laid-Open Publication No. 2005-
109505 (Patent Literature 5), an antenna circuit pattern layer
1s formed on one of surfaces of a base material, an insulating
layer 1s formed by applying an insulating resin onto one
portion of the antenna circuit pattern layer, which intersects a
jumper circuit pattern layer, and a conducting substance such
as a silver paste 1s applied onto the msulating layer so as to
clectrically connect portions to be joined at both end portions
of the antenna circuit pattern layer, thereby forming the
jumper circuit pattern layer.

(5) As disclosed 1n Japanese Patent Application Laid-Open
Publication No. 2010-28706 (Patent Literature 6), respective
tips of one end portion and the other end portion of a conduc-
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tive linear body are stuck through both respective end por-
tions of an antenna circuit pattern layer, which are to be
clectrically connected, from the other surface of a base mate-
rial so as to penetrate through the base material and the
antenna circuit pattern layer formed on one surface of the base
material, thereby extending a central portion of the linear
body on the other surface of the base material, disposing the
one end portion of the linear body on a surface of one end
portion of the antenna circuit pattern layer, and disposing the
other end portion of the linear body on a surface of the other
end portion of the antenna circuit pattern layer.

CITATION LIST
Patent Literature

Patent Literature 1: Japanese Patent Application Laid-
Open Publication No. 2002-7990

Patent Literature 2: Japanese Patent Application
Open Publication No. 2004-140587

Patent Literature 3: Japanese Patent Application
Open Publication No. 2008-269161

Patent Literature 4: Japanese Patent Application
Open Publication No. 2001-92936

Patent Literature 5: Japanese Patent Application

Open Publication No. 2005-109505
Patent Literature 6: Japanese Patent Application
Open Publication No. 2010-28706
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[.aid-
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[Laid-

SUMMARY OF THE INVENTION

Technical Problem

In each of the methods (1), (2), and (3), 1n order to electri-
cally connect both end portions of the antenna circuit pattern
layer, the bridge circuit pattern layer 1s formed on the other
surface side of the base material. The bridge circuit pattern
layer 1s formed by etching metal o1l fixed on the other surface
side of the base material by means of an adhesive. At this time,
most of the metal foil attached on the surface of the base
maternal 1s removed by etching processing. Therefore, the
great part of the metal foil has gone to waste, thereby causing
problems 1n that not only a manufacturing cost 1s increased
but also productivity 1s low because most of the metal fo1l 1s
removed by the etching processing. In addition, not only 1t 1s
required to separately attach the metal foil fixedly on the other
surface side of the base material only for the purpose of
tforming the bridge circuit pattern layer, but also 1t 1s required
to subject the metal fo1l to the etching processing. Therelore,
an extra amount of an etching liquid 1s needed, and further-
more, caused 1s a problem 1n that a large amount of a waste
liquid including metal 10ns, produced by the etching process-
ing, 1s produced. As a result, a problem 1n that environmental
load 1s increased 1s caused.

In the method (4), unlike 1n the methods (1), (2), and (3), 1t
1s not required to subject metal foil, fixed onto the other
surface side of the base material separately, to the etching
processing only for the purpose of forming a bridge circuit
pattern layer, thus allowing the environmental load to be
reduced. However, when a thickness of the antenna circuit
pattern layer 1s increased, a thickness of the insulating layer 1s
increased 1n order to ensure mnsulating properties. Therefore,
differences 1n heights of the jumper circuit pattern layer are
increased. This causes a problem in that when the antenna
circuit constituent body 1s conveyed after forming the jumper
circuit pattern layer, cracks 1n the jumper circuit pattern layer
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are caused, thereby leading to disconnection. As a result, 1n
terms of reliability, there 1s a problem.

In addition, 1n the method (5), unlike 1 the methods (1),
(2), and (3), 1t 1s not required to subject metal foil, fixed onto
the other surface side of the base material separately, to the
etching processing only for the purpose of forming a bridge
circuit pattern layer, thus allowing the environmental load to
be reduced. However, there are problems, for example, 1n that
the tips of the end portions of the conductive linear body lack
flexibility, and when the antenna circuit constituent body 1s
conveyed after the processing, the tips of the end portions of
the linear body move, thereby breaking the antenna circuit
pattern layer. As a result, 1in terms of reliability, there 1s a
problem.

Therefore, an object of the present mnvention 1s to provide
an antenna circuit constituent body for an IC card/tag capable
of reducing environmental load 1n a manufacturing process
for joining both end portions of an antenna circuit pattern
layer and of enhancing reliability of joining portions of the
both end portions of the antenna circuit pattern layer and a
method for the antenna circuit constituent body for an IC
card/tag.

Solution To Problem

An antenna circuit constituent body for an IC card/tag
according to the present invention includes: a base material
formed of a resin film; and an antenna circuit pattern layer
formed on one surface of the base material and constituted of
a conductive body including metal as a main component. The
antenna circuit pattern layer includes: a first circuit pattern
layer part and a second circuit pattern layer part electrically
connected to each other; and a third circuit pattern layer part
formed on one surface of a region of the base material
between the first and second circuit pattern layer parts. Fur-
thermore, the antenna circuit constituent body for an IC card/
tag according to the present invention imncludes: an insulating
layer formed so as to extend from an upper part of the first
circuit pattern layer part, via an upper part of the third circuit
pattern layer part, to an upper part of the second circuit pattern
layer part; and a conductive layer formed on the insulating
layer so as to bring the first circuit pattern layer part and the
second circuit pattern layer part into conduction. The insulat-
ing layer has a plurality of inclined end surfaces on each of the
first circuit pattern layer part and the second circuit pattern
layer part.

In the antenna circuit constituent body for an IC card/tag
according to the present invention, 1t 1s not required to subject
metal foil, fixed onto the other surface side of the base mate-
rial separately, to etching processing only for the purpose of
forming a conductive layer as a bridge circuit pattern layer,
thus allowing environmental load to be reduced.

In addition, since the insulating layer has the plurality of
inclined end surfaces on each of the first circuit pattern layer
part and second circuit pattern layer part, the inclination of the
end part of the insulating layer can be made gentle. Thus, a
problem 1n that when the antenna circuit constituent body 1s
conveyed after forming the conductive layer, cracks are
caused 1n the conductive layer and disconnection thereby
occurs can be solved. As a result, 1t 1s made possible to
enhance reliability of joining portions of both end portions of
the antenna circuit pattern layer.

In the antenna circuit constituent body for an IC card/tag
according to the present invention, it 1s preferable that the
insulating layer has a split-level portion on each of the first
circuit pattern layer part and the second circuit pattern layer
part.
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In addition, 1n the antenna circuit constituent body for an
IC card/tag according to the present invention, it 1s preferable
that the mnsulating layer includes: a central portion formed on
the third circuit pattern layer part and having a relatively large
thickness; and both end portions formed respectively on the
first circuit pattern layer part and the second circuit pattern
layer part and each having a relatively small thickness.

Furthermore, 1n the antenna circuit constituent body for an
IC card/tag according to the present invention, it 1s preferable
that the insulating layer 1s formed of a polyester resin.

In the antenna circuit constituent body for an IC card/tag
according to the present invention, it 1s preferable that the
antenna circuit pattern layer 1s formed of copper foil, the
antenna circuit pattern layer and the base maternial are ther-
mally bonded with an adhesive layer interposed therebe-
tween, and the conductive layer includes silver.

A method for manufacturing an antenna circuit constituent
body for an IC card/tag, according to the present mvention,
includes the following steps.

(a) A step of fixedly attaching metal fo1l on one surface of
a base material formed of a resin film.

(b) A step of printing on the metal fo1l a resist ink layer
having a predetermined pattern.

(c) A step of forming on the one surface of the base material
an antenna circuit pattern layer through etching the metal foil
by using the resist ink layer as a mask, the antenna circuit
pattern layer including a first circuit pattern layer part and a
second circuit pattern layer part electrically connected to each
other and a third circuit pattern layer part formed on one
surface of a region of the base material between the first and
second circuit pattern layer parts.

(d) A step of forming a first insulating layer part so as to
extend from an upper part of the first circuit pattern layer part,
via an upper part of the third circuit pattern layer part, to an
upper part of the second circuit pattern layer part.

(e) A step of forming a second msulating layer part on the
first insulating layer part so as to expose one part of a surface
of the first insulating layer part formed on each of the first
circuit pattern layer part and the second circuit pattern layer
part.

(1) A step of forming on the first and second 1insulating layer
parts a conductive layer bringing the first circuit pattern layer
part and the second circuit pattern layer part into conduction.

Advantageous Eflects of the Invention

As described above, according to the present invention, 1t 1s
made possible to reduce environmental load 1n a manufactur-
ing process for joining both end portions of an antenna circuit
pattern layer and to enhance reliability of joining portions of
the both end portions of the antenna circuit pattern layer.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s aplan view of an antenna circuit constituent body
for an IC card/tag, according to one embodiment of the
present invention.

FI1G. 2 1s a partially enlarged plan view 1llustrating one part
of FIG. 1 1n an enlarged manner.

FIG. 3 1s a schematic partial cross-sectional view taken
from a line III-1II of each of FIG. 1 and FIG. 2.

FI1G. 4 1s a schematic partial cross-sectional view 1llustrat-
ing a first step of manufacturing the antenna circuit constitu-
ent body for an IC card/tag according to the one embodiment
of the present invention.

10

15

20

25

30

35

40

45

50

55

60

65

6

FIG. § 1s a schematic partial cross-sectional view 1llustrat-
ing a second step of manufacturing the antenna circuit con-

stituent body for an IC card/tag according to the one embodi-
ment of the present invention.

FIG. 6 1s a schematic partial cross-sectional view 1llustrat-
ing a third step of manufacturing the antenna circuit constitu-
ent body for an IC card/tag according to the one embodiment
of the present invention.

FIG. 7 1s a schematic partial cross-sectional view 1llustrat-
ing a fourth step of manufacturing the antenna circuit con-
stituent body for an IC card/tag according to the one embodi-
ment of the present 1nvention.

FIG. 8 1s a schematic partial cross-sectional view 1llustrat-
ing a {ifth step of manufacturing the antenna circuit constitu-
ent body for an IC card/tag according to the one embodiment
of the present invention.

FIG. 9 1s a partially enlarged cross-sectional view 1llustrat-
ing a first application step for forming an insulating layer in a
method for manufacturing the antenna circuit constituent
body for an IC card/tag, according to one embodiment of the
present 1nvention.

FIG. 10 1s a partially enlarged cross-sectional view 1llus-
trating a second application step for forming the insulating
layer in the method for manufacturing the antenna circuit
constituent body for an IC card/tag, according to the one
embodiment of the present invention.

FIG. 11 1s a partially enlarged cross-sectional view 1llus-
trating an application step for forming a conductive layer in
the method for manufacturing the antenna circuit constituent
body for an IC card/tag, according to the one embodiment of
the present invention.

FIG. 12 1s a partially enlarged cross-sectional view 1llus-
trating an application step for forming an 1nsulating layer in
the conventional method for manufacturing an antenna circuit
constituent body for an IC card/tag.

FIG. 13 1s a partially enlarged cross-sectional view 1llus-
trating an application step for forming a conductive layer in
the conventional method for manufacturing the antenna cir-
cuit constituent body for an IC card/tag.

FIG. 14 1s a plan view illustrating an array of a plurality of
antenna circuit constituent bodies prepared on a surface of a
belt-like resin film base matenal.

FIG. 15 1s a plan view illustrating a specimen sheet
obtained by cutting out one part of the plurality of antenna
circuit constituent bodies prepared on the surface of a belt-
like resin film base material.

FIG. 16 1s a diagram for describing a method of an evalu-
ation of specimen sheets prepared in an example according to
the present invention and a comparison example.

DESCRIPTION OF EMBODIMENTS

Hereinatter, an embodiment of the present mvention will
be described with reference to the accompanying drawings.

As shown 1n FIG. 1 through FIG. 3, an antenna circuit
constituent body for an IC card/tag 1s constituted of: a base
material 200 formed of a resin film 1including a resin; and an
antenna circuit pattern layer 100 formed of copper foil includ-
ing copper as a main component and formed on one surface of
the base material 200 1n accordance with a predetermined
pattern with an adhesive layer 300 interposed therebetween.

As shown 1in FIG. 1, the antenna circuit pattern layer 100 1s
constituted of: an antenna coil part 101 formed 1n a spiral
pattern on one surface of the base material; an IC chip mount-
ing part 102; a first circuit pattern layer part 103 and a second
circuit pattern layer part 104 which are formed so as to con-
nect to end portions of the antenna coil part 101; a slitter line
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mark part 1035; and sensor mark parts 106. In an end portion
on a side of an 1nner periphery of the antenna coil part 101, a
region for connecting wires to an IC chip (not shown) 1s
formed, and 1n the vicinity of the end portion, the IC chip
mounting part 102 1s formed. By mounting the IC chip on the
IC chip mounting part 102, the first circuit pattern layer part
103 i1s electrically connected to the end portion on the side of
the inner periphery of the antenna coil part 101. The second
circuit pattern layer part 104 1s electrically connected to an
end portion on a side of an outer periphery of the antenna coil
part 101. In a region outside the antenna coil part 101 and in
a space between the antenna circuit pattern layer 100 and
another neighboring circuit pattern layer (not shown in FIG.
1), the slitter line mark part 105 1s formed, 1n a line-like
pattern, of copper foil as similarly to the antenna circuit
pattern layer 100 1n order to indicate a position in which each
antenna coil constituent body 1s divided and separated. Inside
the antenna coil part 101, the sensor mark parts 106 for
confirming a sensor position are formed, 1 an island-like
manner, of the copper foil as similarly to the antenna circuit
pattern layer 100.

As shown 1n FIG. 2 and FIG. 3, 1n a region of the base
material 200 between the {first circuit pattern layer part 103
and the second circuit pattern layer part 104, a third circuit
pattern layer part as one part of a plurality of linear pattern
layers constituting the antenna coil part 101 1s disposed. The
insulating layer 107 1s formed so as to extend from an upper
part of the first circuit pattern layer part 103, via an upper part
of the third circuit pattern layer part (the one part of the
plurality of linear pattern layers constituting the antenna coil
part 101), to an upper part of the second circuit pattern layer
part 104. In other words, the insulating layer 107 1s formed so
as to be laid across the upper part of the third circuit pattern
layer part (the one part of the plurality of linear pattern layers
constituting the antenna coil part 101) and on one part of the
first circuit pattern layer part 103 and the second circuit pat-
tern layer part 104. In addition, the mnsulating layer 107 1s
formed so as to {ill interstices of the linear pattern layer part
constituting the antenna coil part 101. The conductive layer
108 1s formed on the insulating layer 107 so as to bring the
first circuit pattern layer part 103 and the second circuit pat-
tern layer part 104 1into conduction. Although the msulating
layer 107 1s schematically illustrated 1n FIG. 3, a specific
shape thereot will be described later.

It 1s preferable that a thickness of the copper foil used for
forming the antenna circuit pattern layer 100 1s greater than or
equal to 9 um and less than or equal to 50 um. If the thickness
of the copper fo1l 1s less than 9 um, a large number of pinholes
may be caused and a rupture may take place in the manufac-
turing process. On the other hand, 1f the thickness of the
copper foil exceeds S50 um, 1t takes time to conduct etching
processing for forming the antenna circuit pattern layer 100
and an 1ncrease 1n material costs 1s incurred. The copper foil
may be manufactured by employing either rolling or elec-
trolysis. Metal foil other than the copper fo1l may be used to
form the antenna circuit pattern layer 100.

It 1s preferable that the resin film used as the base material
200 of the antenna circuit constituent body for an IC card/tag
according to the present invention 1s at least one kind selected
from polyethylene terephthalate (PET) film, polyethylene
naphthalate (PEN) film, and the like.

It 1s preferable that a thickness of this resin {ilm 1s within a
range of greater than or equal to 15 um and less than or equal
to 50 um and 1t 1s more preferable that the thickness thereof 1s
within a range of greater than or equal to 20 um and less than
or equal to 40 um. If a thickness of the base material 200 1s
less than 15 um, because stiffness of a laminated body with
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the copper foil for forming the antenna circuit pattern layer 1s
isuificient, a problem associated with workability 1n each
manufacturing process arises. On the other hand, 11 the thick-
ness of the base material exceeds 50 um, a thickness and a
weight of an IC card/tag may be excessive.

For adhesion between the copper foil which 1s used for
forming the antenna circuit pattern layer 100 and the resin
film as the base material 200, it 1s preferable to employ a
dry-lamination process utilizing a polyurethane (PU)-based
adhesive containing an epoxy resin. As the polyurethane-
based adhesive containing the epoxy resin, ADS5S06, AD503,
or AD76-P1 manufactured by Toyo-Morton Ltd., or the like
can be adopted. As a hardeming agent, CAT-10 manufactured
by Toyo-Morton Ltd. can be adopted, and 1t may be required
to use a mixture of the adhesive and the hardening agent with
a mixing ratio of the adhesive:the hardening agent being 2
through 12:1. In a case where a general polyurethane-based
adhesive not containing the epoxy resin 1s used, while etching
processing for forming the circuit pattern layers i1s being
conducted or when mounting of an IC chip 1s being con-
ducted, delamination (peeling) may easily occur. This 1s
because the polyurethane-based adhesive not containing the
epoxy resin 1s inferior 1n chemical resistance and heat resis-
tance.

In order to cause the copper foil 110, used for forming the
antenna circuit pattern layer 100, to adhere onto the resin film
as the base material 200, 1t 1s preferable to apply approxi-
mately 1 through 15 g/m>, as a post-drying weight, of the
polyurethane-based adhesive containing the epoxy resin. I
this application amount is less than 1 g/m>, an adhesion force
ol the copper fo1l 1s insulficient, and 11 the application amount
exceeds 15 g/m®, an increase in a manufacturing cost is
incurred.

As the insulating layer 107, a resin, such as a polyimide
resin, an epoxy resin, a polyester resin, a phenol resin, a
urethane resin, and an acrylic resin, which 1s cured by heating
whose degree does not impair properties of the resin film and
the adhesive, can be used. The polyester resin 1s preferable.

It1s preferable that a thickness of the insulating layer 107 (a
thickness of the insulating layer 107 formed on the first circuit
pattern layer part 103 and the second circuit pattern layer part
104) 1s within a range of greater than or equal to 10 um and
less than or equal to 100 um. If the thickness of the insulating
layer 107 1s less than 10 um, an 1nsulation effect 1s not suifi-
cient. On the other hand, i1 the thickness of the insulating
layer 107 exceeds 100 um, not only the formation of the
isulating layer 107 1s difficult, but also 1t 1s likely that the
formation of the conductive layer 108 1s hindered.

As a material of the conductive layer 108, a gold paste, a
silver paste, a copper paste, an aluminum paste, a nickel paste,
a conducting high polymer, and the like are cited, and the
silver paste excellent in electrical conductivity 1s suitably
used.

It 1s preferable that a thickness of the conductive layer 108
1s within a range of greater than or equal to 1 um and less than
or equal to 50 um. If the thickness of the conductive layer 108
1s less than 1 um, a conduction effect 1s not sutficient. On the
other hand, if the thickness of the conductive layer 108
exceeds S0 um, flexibility 1s reduced, whereby it 1s likely that
the conductive layer 108 peels off or crack disconnection
OCCUrS.

Next, one embodiment of a method for manufacturing an
antenna circuit constituent body for an IC card/tag, according
to the present mvention, will be described. Each of FIG. 4

through FIG. 8 shows a partial cross-sectional view taken
from a direction of a line of FIG. 1 and FIG. 2.
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As shown 1n FIG. 4, an adhesive layer 300 1s formed on the
one surface of the base material 200 formed of the resin film,
and the copper 101l 110 1s fixed on the one surface of the base
material 200 by this adhesive layer 300. In this way, a lami-
nated body constituted of the copper foil 110 and the base
material 200 1s prepared.

As shown 1n FIG. 3, a resist ink layer 400 1s printed onto a
surface of the copper fo1l 110 so as to have a predetermined
spiral pattern in accordance with the specification of the
antenna coil. After the printing, cure treatment for the resist
ink layer 400 1s conducted.

The copper o1l 110 1s etched by using the resist ink layer
400 as a mask, thereby forming the antenna circuit pattern
layer 100 (FIG. 1). In the cross section shown 1n FIG. 6, it 1s
illustrated that the antenna coil part 101, the first circuit
pattern layer part 103, and the second circuit pattern layer part
104 are formed.

As shown 1n FIG. 7, resist ink layers 401, 403, and 404 are
exfoliated.

Thereafter, as shown 1n FIG. 8, the msulating layer 107 1s
formed so as to extend from the upper part of one part of the
surface of the first circuit pattern layer part 103, be laid across
the one part of the plurality of linear pattern layers constitut-
ing the antenna coil part 101, and reach the upper part of one
part of the surface of the second circuit pattern layer part 104.
Furthermore, as shown in FIG. 3, the conductive layer 108 1s
formed on the msulating layer 107 so as to bring the first
circuit pattern layer part 103 and the second circuit pattern
layer part 104 into conduction. As described above, the
antenna circuit constituent body for an IC card/tag according
to the present invention 1s completed.

An 1msulating layer formation step shown in FIG. 8 and a
conductive layer formation step shown in FIG. 3 will be
specifically described with reference to FIG. 9 through FIG.
11. Each of FIG. 9 through FIG. 11 1s a partially enlarged
cross-sectional view 1llustrating a part on a left side of each of
FIG. 8 and FIG. 3 1n an enlarged manner.

In the insulating layer formation step shown 1n FIG. 8, first,
as shown 1n FI1G. 9, the resin paste 1s applied by employing a
screen printing method from a position I on the first circuit
pattern layer part 103 1n a direction indicated by an arrow R,
thereby forming a first insulating layer part 107a. Thereaftter,
as shown 1n FIG. 10, the resin paste 1s applied onto the first
insulating layer part 107a by employing the screen printing
method up to a position 11 on the first circuit pattern layer part
103 1n a direction 1indicated by an arrow S, thereby forming a
second 1nsulating layer part 1075. At this time, the second
insulating layer part 1075 1s formed on the first mnsulating
layer part 107a so as to expose one part of the surface of the
first 1nsulating layer part 107a (a portion indicated by a)
tormed on each of the first circuit pattern layer part 103 and
the second circuit pattern layer part 104. The resin paste 1s
heated and dried, thereby forming the msulating layer 107
including the first msulating layer part 107a and the second
insulating layer part 1075. As described above, the resin paste
1s applied in twice, thereby forming the insulating layer 107.
At the position II, although a stair-like split-level portion 1s
formed immediately after the application, a split-level portion
having a smoothly inclined surface 1s formed after the heat-
ing- drying.

In the present invention, since the insulating layer 107 1s
formed as described above, the nsulating layer 107 has a
plurality of inclined end surfaces on the first circuit pattern
layer part 103, specifically, an inclined end surface in the
position I and an inclined end surface in the position II.
Similarly, the insulating layer 107 has a plurality of inclined
end surfaces on the second circuit pattern layer part 104.
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As the method of applying the resin paste 1n twice, the
following method may be employed. First, as shown in FIG.
9, the resin paste 1s applied by employing the screen printing
method up to the position I on the first circuit pattern layer
part 103 in the direction indicated by the arrow S, thereby
forming the first insulating layer part 107a. Thereafter, as
shown 1n FIG. 10, the resin paste 1s applied onto the first
insulating layer part 107a by employing the screen printing
method from the position II on the first circuit pattern layer
part 103 1n the direction indicated by the arrow R, thereby
forming the second insulating layer part 1075.

In the conductive layer formation step shown in FIG. 3, as
shown 1n FIG. 11, a silver paste 1s applied onto the insulating,
layer 107 by employing the screen printing method, and
thereatter, the heating-drying 1s conducted, thereby forming
the conductive layer 108.

In the antenna circuit constituent body for an IC card/tag
according to the present invention, 1t 1s not required to subject
metal foil, fixed onto the other surface side of the base mate-
rial 200 separately, to the etching processing only for the
purpose of forming a conductive layer as a bridge circuit
pattern layer, thus allowing environmental load to be reduced.

In addition, since the msulating layer 107 has the plurality
of inclined end surfaces on each of the first circuit pattern
layer part 103 and second circuit pattern layer part 104, the
inclination of the end part of the insulating layer 107 can be
made gentle. Thus, a problem in that when the antenna circuit
constituent body 1s conveyed after forming the conductive
layer 108, cracks are caused in the conductive layer 108 and
disconnection thereby occurs can be solved. As a result, 1t 1s
made possible to enhance reliability of joining portions of
both end portions of the antenna circuit pattern layer 100.

In the antenna circuit constituent body for an IC card/tag
according to the present invention, it 1s preferable that the
insulating layer 107 has the split-level portion on each of the
first circuit pattern layer part 103 and second circuit pattern
layer part 104, specifically, the split-level portion 1n the posi-
tion II.

In the antenna circuit constituent body for an IC card/tag
according to the present invention, it 1s preferable that the
insulating layer 107 includes: the central portion (a portion
constituted of the first insulating layer part 107a and the
second isulating layer part 1075), having a relatively large
thickness formed on the third circuit pattern layer part (one
part of the plurality of linear pattern layers constituting the
antenna coil part 101); and the both end portions (portions
constituted of only the first insulating layer part 107a) each
having a relatively small thickness formed on each of the first
circuit pattern layer part 103 and second circuit pattern layer
part 104.

In contrast to this, in the conventional insulating layer
formation step and conductive layer formation step, first, as
shown 1n FI1G. 12, a resin paste 1s applied in once by employ-
ing a screen printing method from a position I on a first circuit
pattern layer part 103 1n a direction indicated by an arrow R or
up to the position I 1n a direction indicated by an arrow S, and
thereatter, heating-drying 1s conducted, thereby forming an
insulating layer 107. The above-mentioned application of the
resin paste may be conducted in twice. Next, as shown 1n FIG.
13, a silver paste 1s applied onto the mnsulating layer 107 by
employing the screen printing method and thereaiter, the
heating-drying 1s conducted, thereby forming a conductive
layer 108.

In the conventional 1nsulating layer formation step, since
the msulating layer 107 has a single inclined end surface on
cach of the first circuit pattern layer part 103 and the second
circuit pattern layer part 104 (position I), an inclination of an
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end portion of the insulating layer 107 1s steep. This may pose
a problem 1n that when the antenna circuit constituent body 1s
conveyed after forming the conductive layer 108, cracks are
caused 1n the conductive layer 108 and disconnection thereby
occurs. As a result, in terms of reliability, there 1s a problem.

As a method of forming the mnsulating layer 107 1n the
present invention, the screen printing method, an 1nk jet print-
ing method, and the like are cited. Since the screen printing
method allows a thickness necessary for the mnsulation to be
casily formed and any shape to be easily formed, the screen
printing method 1s suitably used.

In the both end portions, each having the relatively small
thickness, of the insulating layer 107 (the portions constituted
of only the first insulating layer part 107a) shown in FIG. 10,
a preferable relationship of (a) and (t) 1s, with tanO=t/a
expressed, 1/90(2°)=0=m/3(60°). In particular, 1t 1s more prei-
crable that 0 1s within a range of m/60(3°)=0=m(4(45°). It 1s
preferable that a shortest distance (b) from the conducting
part (antenna coil part 101) requiting the 1nsulation up to the
both end portions (portions constituted of only the first insu-
lating layer part 107a), each having the relatively small thick-
ness, of the msulating layer 107 1s greater than or equal to 0.5
mm.

As the method of forming the conductive layer 108,
although the screen printing method, the ink jet method, a
flexo printing, and the like are cited, since the screen printing
allows a thickness of a conductive body to be easily formed
and any shape to be easily formed, the screen printing is
suitably used.

Although the resist ink used in the manufacturing method
according to the present invention 1s not particularly limited,
it 1s preferable to use a ultraviolet cure resist ink whose main
components are an acrylic monomer having at least one car-
boxyl group in a molecule and an alkali-soluble resin. Since
this resist ink allows gravure printing to be conducted, has
acid resistance, and can be easily peeled and removed by an
alkali, this resist ink 1s suited to continuous mass production.
By using this resist ink, the aluminum foi1l or the copper foil 1s
subjected to the gravure printing with a predetermined circuit
pattern, 1s cured by being irradiated with ultraviolet rays, and
1s subjected to acid etching of the aluminum foil or the copper
fo1l 1n accordance with an ordinary method by using, for
example, a ferric chloride or the like and to peeling and
removal of the resist ink layer by using an alkali such as an
sodium hydroxide, thereby allowing the circuit pattern layers
to be formed.

As the acrylic monomer having at least one carboxyl group
in a molecule, for example, 2-acryloyloxyethyl phthalic acid,
2-acryloyloxyethyl succinic acid, 2-acryloyloxyethyl
hexahydrophthalic acid, 2-acryloyloxypropyl phthalic acid,
2-acryloyloxypropyl tetrahydro phthalic acid, 2-acryloylox-
ypropyl hexahydrophthalic acid, or the like 1s cited, and each
of these acrylic monomers may be used alone or two or more
of these acrylic monomers may be mixed to be used. As the
above-mentioned alkali-soluble resin, for example, a styrene-
maleic acid resin, a styrene-acrylic resin, a rosin-maleic acid,
or the like 1s cited.

Beside the above-mentioned components, an ordinary
monofunctional acrylic monomer, an ordinary polyfunc-
tional acrylic monomer, and an ordinary prepolymer can be
added to the resist ink to the extent that alkali peeling prop-
erties are not inhibited, and a photo polymerization 1nitiator,
a pigment, an additive agent, a solvent, and the like can be
approprately added thereto, thereby allowing the resist ink to
be prepared. As the photo polymerization initiator, benzophe-
none, a dervative of the benzophenone, benzil, benzoin, alkyl
cther of the benzil, alkyl ether of the benzoin, thioxanthone, a
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derivative of the thioxanthone, Lucirin PTO, IRGACURE
manufactured by Ciba Specialty Chemicals Corporation,
Esacure manufactured by Fratteli-Lambert1 SpA, or the like 1s
cited. As the pigment, a coloring pigment 1s added to allow the
pattern to be easily viewable, and in addition, an extender
such as silica, talc, clay, barium sulfate, and calcium carbon-
ate can be used 1n combination. In particular, the silica 1s
elfective for prevention of blocking 1n a case where copper
fo1l 1s to be rolled up with the ultraviolet cure resist 1nk
remaining thereon. As the additive, there are a polymerization
inhibitor such as 2-tertiary butyl hydroquinone, silicon, a
fluorine compound, an antifoaming agent such as an acrylic-
polymeric substance, and a leveling agent, which may be
appropriately added as needed. As the solvent, ethyl acetate,
cthanol, denatured alcohol, 1sopropyl alcohol, toluene, MEK,
or the like 1s cited, and each of these solvents may be used
alone or two or more of these solvents may be mixed to be
used. It 1s preferable that after the gravure printing, the sol-
vent 1s evaporated from the resist ink layer through hot air
drying or the like.

EXAMPL

L1l

As described below, specimens of antenna circuit constitu-
ent bodies of an example according to the present invention
and the conventional example were prepared.

Example

As shown 1n FIG. 4, on one surface of a base material 200
having a thickness of 38 um and formed of a PET film, rolled
copper foi1l 110 having a thickness of 35 um was bonded
through employing a dry lamination method by using a poly-
urethane-based adhesive containing an epoxy resin, thereby
preparing a laminated body. On the copper fo1l 110 of the
laminated body obtained as described above, a printing pat-
tern of an antenna circuit pattern layer 100 as shown 1n FIG.
1 was printed by using a resist ink having the below-shown
composition and a Helio-Klischo-gravure printing plate.
After the printing, irradiation was conducted for 15 seconds
by using an ultraviolet ray lamp with an exposure dose 01 480
W/cm?, and the resist ink was thereby cured, thus forming a
resist ink layer 400 as shown 1n FIG. 5.

The composition of the ink was as follows.

Beckacite J-896 (a rosin-maleic acid resin manufactured
by DIC Corporation: 21 parts by weight, 2-acryloyl hexyeth-
ylhexa hydrophtalic acid: 25 parts by weigh, Unidic V-3510
(a mixture of a prepolymer and a monomer, manufactured by
DIC Corporation): 8 parts by weight, IRGACURE 184: 3
parts by weight, Ethyl acetate: 28 parts by weight, Denatured
alcohol: 12 parts by weight, Phthalocyanine blue: 1 part by
weight, and Silica: 2 parts by weight.

By immersing the laminated body having the resist ink
layer 400 formed thereon as described above 1n a ferric chlo-
ride aqueous solution of 42° Baume for 5 minutes at a tem-
perature of 45° C., etching of the copper fo1l 110 was con-
ducted, thereby forming the antenna circuit pattern layer 100
in accordance with a predetermined pattern. Thereafter, by
immersing the laminated body 1n a 1% sodium hydroxide
aqueous solution for 10 seconds at a temperature of 20° C.,
the resist ink layer 400 was peeled as shown 1n FIG. 7. The
laminated body was dried by warm air having a temperature
of 70° C.

In predetermined positions of the laminated body obtained
as described above, or specifically, between a first circuit
pattern layer part 103 and a second circuit pattern layer part
104 shown in FIG. 2, an insulating layer 107 and a conductive




US 9,053,406 B2

13

layer 108 were formed as shown 1n FIG. 8 and FIG. 3, thereby
bringing the first circuit pattern layer part 103 and the second

circuit pattern layer part 104 into conduction.

A polyester-based mnsulation 1ink (manufactured by JUJO
CHEMICAL CO., LTD. with product number: AC3G) was
printed by using a 150-mesh Tetron printing plate and there-
alter, heating at a temperature of 150° C. was conducted for
30 minutes, thereby forming the insulating layer 107. The
polyester-based insulation ink was printed by employing a
screen printing method so as to have a thickness of 17 um
through conducting the application in twice as shown in FIG.
9 and FIG. 10. In FIG. 10, with tanO=t/a expressed, an angle
of t/a was 7.5°.

A silver paste (manufactured by DuPont, with product
number: 5029) was printed by using the 150-mesh Tetron
printing plate and thereafter, heating was conducted at a tem-
perature of 150° C. for 30 minutes, thereby forming the con-
ductive layer 108. The silver paste was printed by employing
a screen printing method so as to have a thickness of 17 um by
conducting the application 1n once as shown i FIG. 11.

As described above, the antenna circuit constituent body
tor an IC card/tag according to the present invention using the
copper foil was prepared.

Conventional Example

The conventional antenna circuit constituent body for an
IC card/tag was prepared 1in the same manner as in the
example except that a polyester-based insulation ink for
forming an 1nsulating layer 107 was printed by employing a
screen printing method so as to have a thickness of 34 um
through conducting the application 1n once as shown in FIG.
12.

The antenna circuit constituent bodies of the example
according to the present mvention and the conventional
example were formed by horizontally and vertically arraying
continuously a multitude of antenna circuit pattern layers 100
on a surface of a belt-like base material at predetermined
spacings as shown in FIG. 14. Each of the obtained antenna
circuit pattern layers 100 had a width W of approximately 4.5
cm and a length L of approximately 7.5 cm.

(Evaluation Method)

From the belt-like body having the multitude of antenna
circuit pattern layers 100 formed thereon as shown 1n FIG. 14,
a specimen sheet 1000 was cut out so as to have mine antenna
circuit pattern layers 100 longitudinally arranged 1n one col-
umn thereon as shown in FIG. 15. By using this specimen
sheet 1000, the evaluation of the conductive layer 108 was
conducted.

The specimen sheet 1000 was set so as to extend around a
rotating roll 500 having a diameter of 20 mm 1n a direction
indicated by an arrow T (FIG. 15) as shown 1n FIG. 16. A load
W of 300g was applied to each end of the specimen sheet
1000, the specimen sheet 1000 was manually moved so as to
perform reciprocation on the rotating roll 500 at 100 times.

Thereafter, with respect to four specimen sheets 1000 of
cach of the example and the conventional example, each of
which underwent the above-mentioned test, a part of each of
the conductive layers 108 1n five antenna circuit pattern layers
100 (indicated by hatching) located in the central portion
thereol as shown 1n FIG. 15 was visually observed and crack
disconnection was visually checked. The number of checked
specimens was 20 1n each of the example and the conven-
tional example.

As a result, in the example, there was no specimen which
had the crack disconnection 1n the conductive layer 108. In
the conventional example, it was confirmed that there were
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eight specimens, each of which had the crack disconnection
in the conductive layer 108. It can be seen that the example
according to the present mvention allows reliability of the
conductive layer 108 to be enhanced.

With respect to the 20 specimens 1n the example and the 12
specimens 1n the conventional example, each of which had no
crack disconnection, an electric resistance between points P
and Q shown in FIG. 2 was measured, and an average value
was obtained. By employing this method, since an IC chip 1s
not mounted on an IC chip mounting part 102 of an antenna
circuit pattern layer 100 shown 1n FIG. 1, an electric resis-
tance between contacting parts of the conductive layer 108
can be evaluated.

As a result, 1n the example, the electric resistance was 150
m¢2, and 1n the conventional example, the electric resistance
was 2000 m¢2. It can be seen that the example according to the
present invention can reduce the electric resistance between
the contacting parts of the conductive layer 108.

The described embodiment and example are to be consid-
ered 1n all respects only as 1llustrative and not restrictive. It 1s
intended that the scope of the invention 1s, therefore, 1ndi-
cated by the appended claims rather than the foregoing
description of the embodiment and example and that all modi-
fications and variations coming within the meaning and
equivalency range of the appended claims are embraced
within their scope.

Industrial Applicability

According to the present mvention, 1n a manufacturing
process for joining both end portions of an antenna circuit
pattern layer, environmental load can be reduced and reliabil-
ity of the joined portions of the both end portions of the
antenna circuit pattern layer can be enhanced. Therefore, the
present invention 1s applicable to a configuration and manu-
facture of the antenna circuit constituent body which consti-
tutes an IC card, an IC tag, or the like.

Reference Signs List

100: antenna circuit pattern layer, 101: antenna coil part,
103: first circuit pattern layer part, 104: second circuit pattern
layer part, 107: msulating layer, 107a: first insulating layer
part, 107b: second insulating layer part, 108: conductive
layer. 200: base material, 300: adhesive layer, 400: resist ink
layer, 110: copper foil.

The mvention claimed 1s:
1. An antenna circuit constituent body for an IC card/tag,
comprising;

a base material formed of a resin film; and

an antenna circuit pattern layer formed on one surface of
the base material and constituted of a conductive body
including metal as a main component,

the antenna circuit pattern layer including: a first circuit
pattern layer part and a second circuit pattern layer part
clectrically connected to each other; and a third circuit
pattern layer part formed on one surface of a region of
the base material between the first and second circuit
pattern layer parts and, the antenna circuit constituent
body for an IC card/tag further comprising;:

an sulating layer formed so as to extend from an upper
part of the first circuit pattern layer part, via an upper part
of the third circuit pattern layer part, to an upper part of
the second circuit pattern layer part; and

a conductive layer formed on the 1nsulating layer so as to
provide conduction between the first circuit pattern layer
part and the second circuit pattern layer part the first
circuit pattern layer part and the second circuit pattern
layer part being connected to each other via the conduc-
tive layer,
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the insulating layer having a plurality of inclined end sur-
faces or a split-level portion on each of the first circuit
pattern layer and the second circuit pattern layer part.
2. The antenna circuit constituent body for an IC card/tag
according to claim 1, wherein the msulating layer includes: a
central portion formed on the third circuit pattern layer part
and having a relatively large thickness;
and both end portions formed respectively on the first cir-
cuit pattern layer part and the second circuit pattern layer
part and each having a relatively small thickness.
3. The antenna circuit constituent body for an IC card/tag

according to claim 1, wherein the insulating layer 1s formed of

a polyester resin.

4. The antenna circuit constituent body for an IC card/tag
according to claim 1, wherein the antenna circuit pattern layer
1s formed of copper fo1l, the antenna circuit pattern layer and
the base matenal are thermally bonded with an adhesive layer
interposed therebetween, and the conductive layer includes
silver.

5. A method for manufacturing an antenna circuit constitu-
ent body for an IC card/tag, comprising the steps of:

fixedly attaching metal fo1l on one surface of a base mate-

rial formed of a resin film;

printing on the metal fo1l a resist ink layer having a prede-

termined pattern;
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forming on the one surface of the base material an antenna

circuit pattern layer through etching the metal foil by
using the resist ink layer as a mask, the antenna circuit
pattern layer including a first circuit pattern layer part
and a second circuit pattern layer part electrically con-
nected to each other and a third circuit pattern layer part
formed on one surface of a region of the base material
between the first and second circuit pattern layer parts;

forming a first insulating layer part so as to extend from an

upper part of the first circuit pattern layer part, via an
upper part of the third circuit pattern layer part, to an
upper part of the second circuit pattern layer part;

forming a second insulating layer part on the first insulat-

ing layer part so as to expose one part of a surface of the

first msulating layer part formed on each of the first
circuit pattern layer part and the second circuit pattern
layer part; and

forming on the first and second insulating layer parts a

conductive layer providing conduction between the first
circuit pattern layer part and the second circuit pattern
layer part, the first circuit pattern layer part and the
second circuit pattern layer part being connected to each
other via the conductive layer.
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